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tr3t«*«3-- S ' h (11) ftKiWtt&JB©!! (2 
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[!»*Si] «fe±(clB*«S$ttfcgwm®t, - 

i:iO~100nmt*fct), mffaDflftro tV^ijiEDfl 

4feVA±2 OfeSXTVfoZZb&ftmti- SffjfcJSl IE 

[§S*i3] BiJfEGfliaWfcV^S 0 0~ 1 0 0 0 n 
m T* h 5 r i £ #® b -f 5 IS*« 1 * fc (4 2 1 Ett <D -> y 

4 ] meat H*«$S0Gfla0iff sHMftttii 

*tftf&££4 0 O'CJWTtcKSLT^Stbfcfcro-Cfco 
0. 5 ~2 0 ju mtf>/¥3 i, J&ffilC ¥fr 

& (iio) ©iS^^ia^iD^^L, xt&mmc&v 

6 (2 2 0) Hflrfcr-^KfchrS (111) WS\\Z-if 
Bo 

6 ] «re-a**s*, jr> y = 
■c. # B B B ff->y =v^3tn^ifts*3«t^is» 

Si-e&s C £ t^-Sfi*« 1 L 5 otvfiia* 
[0 00 1] 

£§ B B B J ©JBJBtt, as^WJC^fiKSr^tfa^Srtat^-t- 
[0 0 0 2] 

> y => >cd J: 5 &&i B B B fC-> y = v^^tfjt^^^ijffl U/t 
* -?&R<Wfsi!K > y 3 ^Ii«t5; & !C «t 5 f£ 



(2) ^¥12-232234 

[0003] ftnmmmn-mt u-c, s«±ic, 3 
was*, -awas. isM<>y a^xftttS&Jitt 

SWLfcjtSrSLSW^-frSX^/i^ixT^So ±IEco 

S^m^S«, fc £ 6- 1 2 8 4 0 fl^*, 

#M¥7-2 8 3 4 3 2-S-^ffi^if(CW*$4xT*3 9, 

[0 0 04] aW«ffi±fc?K«$lx53ta««3. 

[0 0 0 5] *5§W#f>{4, «±«J:5fcK»S#fcS' 

[0 0 0 6] 
[0 0 0 7] 

t^maiLfco 

[0008] i-/£fc*>. *^syiw-> y 3 ^KguttttK 

(iSSDflC^it^^L, ffi%ZW&<Dfti&m*> i 10-10 

onmxhK), ffimwehn if -y^mmwdh<Dmi&m ± 

[0009] *«W©3t«*i«l(|l^*s^T, aeyim« 



3 



(45 0 0~1 2 0 0 nm(DSftW)tlC»L-!:8 0%6l± 

[ooio] zzx\ mmm.mn^cDm&tDimi&mt 
4*0. i~5 ummmx-mtiz. Mm+zih&k&n 

llLfci 5 fC**MK*5^Tf±, BDawiftffiM^ 1 0 
^lOOnmtfcd, mawtV^BfliawigiS^J; 9 

©K(S3Sro4ffiFEU:2 OfSKT-Cfcir 0#* L 
i>\> AfrtfJf-14, 00~1000nm 

[0 0 1 l] )t«;^8l^=s' Mc***t 5 

J: iweiMSJH) l±. /7X-7CVD 
i£(£4 D , Ti*r&«4 0 0^T©{£i&T-fl5j*$;h,5„ 

*>^ft®v- y 3 v^ft«^8iU4, 8 o %sk±<D 
femte&itftmt, i ~ 3 o n^%c»7k^^*i . 

0. 5~2 O/zmCffJi, JgEtcWi (1 1 0) <T> 
(S5fe^ B iaiS]®5r1rL, X«(HlJft[ciilt?> (2 2 0) H 

mt'-?ic-fttz, din (°i^t o -^(7)^git^o. 
[0012] *«wfc«5«>y = ^3Rjte«£»£«H:. 

^&=-=- y hi>mm£titz?> ; rJ*mX'h'3Xt>&\ / \ 
[0 0 13] 

[0014] 121 1 WffiiaS:#M LT, 
5->'U =^3RSMH3t«3EliMKll©-«*|ftM-t-s 0 rro 

iot, -iggMJI 111, g B ^fy y a ^3R3tm«» 
1 1 l 2*sJ:iKS!igttSJi l l 3 4:*tf*«**as * 

Hii, mmm^stitm2 o lfc-ivyts**^* 
mil 2 o 2 sr-^tf m$mM 20 1 zmnzmm l tztnmz 

-<£fth vf±S«lfflia»e>A#t 3*0,5. 
[0015] S« 1 t ^fyi/^/f^I, 

[0 0 16] gtSl ±!ciag$tl-5Sl^«@l 0©^ 
iLTIi. I TO. S n02*3<tt>*ZnO^?>jl^$ix 

*5«tO J Sia^W«.^*»(btt I TOtifigT'fcSo 393*6 



(3) ' #^5pl2-232234 

«tt*S3R*. ISCVDS fcf4*'< y ^ 4 £*<D*rj£fc J; 
[0 0 17] r^T\ SHttSl 0 ©3EffiDfli!!i«3tiC*i 

*!5->y = y h(OiN»fl^&*Sfi#IC 

2 8 4 0^«fcttaw«fii«ffi©|lili!bwS!(SSI*s 1 0 

0 nmHK'fc^: £#Ett£*VC^*#. :©S^W 

[0 0 18] C<Owi:j&»e>80J*ffil 0 ©SSQQfiffiit 
* Pal Pfi © tV ? * 5- X. T IS 35 i: & SB t © ffl © ft & £ «-^» 
£E©{£T^S!!g#@9©<&T£#?r<W<e<, JtBBtii 

[0019] *5gpj(cj3^Tii, mwrnmi omwnm 

£b©«{g;^l4 1 0 ~ 1 0 0 n mi>m* L < , $ K: 2 0 
©BSiSgJ: •? < fr-o*<D 2 5fgtlTT-^?>wi^» 

*l<, $ b(ciH]ta©tvf L (4iM]a(75«fa^©4^w± 

(43 0 0~ 1 0 0 0 nm##* L< , 
5 5 0-8O0nmiS±!)j?SUS ±f5(0<t5^*li 
[Hia«5ttt. iSHJ««l OWBflTEM (^iiMfliT-K 

mt) ^*©iii^*aa^, afm (m+wfimwiK) t 

[0 0 2 0] ±j*Lfc*«W»-«5aW«ffil 0C0«S 
Sffi 1 0 ©*E£g« l co(H]a«3fiiC'ftofc[M]fi«3fi(c 

[oo2i] s« i ±tcflj«/£Dfliaisffi**-t-6 

1 STTJffiS« 1 ©fflff S:«I 3 5 0°C«±, 
L< 14^4 5 0~5 5 0°C}C^L. SnCI 4 , 0 2 , 
CH 3 OH, HF, H 2 0>ii^l»tLt^lIiCVD 
i-J; 9 S n0 2 i>f>45a««gl 0*W$LlrZ>, Sn 



(4) 
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bicX<0, WthffimZIM&TZZbtfX'ZZ* 
[00 2 2] £L>\C, mW&fal 0£S n C^fe&S 

b-tzzbicx^xb. m&zm^frtem&mmic^z 
[oo23] smmm ion:->^ >-mftnmm=>-~ 

■yhll tiWl&ZtiZo z wjtm^m^- y hi 1 
SftSr^TCD^WIll, Tiftfi*£4 0 OtWTIC 
^Lt/7XvCVDSl:J:oTii$tl5 0 /7X 

•^cvDfiiLtit -mc£<>mhtir^z>¥-n¥m 

OMH z«T<DRF^bVHF^£T*CDii;jS|&m2I£ 
-f 5 7 X-7 C V D * m ^ X t> <£ \.\ 

[0024] %9m&=l- yhii \z.tt.-mwsm 1 1 

1 . IMIV^ V =» >^jte*a£*Ji 1 1 2 *J J:tHi»**3! 
€ 1 1 3ris-&4ft5. -"g^MS 1 1 lliplltfcn 
S«T*t>J:<> wixH«-JCLTiS»i»«®Sl 1 3(inS 

f±-«tt»i-j» 1 1 i(±pSJ§, i£*msjli 1 
[0025] -mmmrn inn, 2.1***®^ 

Ztitz-m^lS 1 1 1 d/^* u~ »f3t3:!!P.&t (u- 

»«*fW»-f set t> 
[0026] -*«®Ji 1 1 1 ±tafe6R*> y 3 

m^&n 1 1 2tmftztiz><, z<nm&Ki/v =v^7t 

S^J&if I 1 2 t LTtt. f*««S B B B {k:^^8 0%W± 

t> L < fluffs -> !J 3 >HSfc(±»*c07F^$r^tf§| 
pSlt> L< (ill n S!T*7tS^m«ltg^+^(c{ixfc^ V 

1 1 2*mj&-rz¥#Wttm^^xh, ±E©*rtw: 

iC, -^ftlco. 5~2 0 <im©jSfflfCffM$iX-5o - 

(o^bI»-> y = ^ikitnM&M 1 i2i±4 0 0tttT<o 



fctt, %*£&JB 1 1 2 l ~ 3 OJ^T-% 

AJIl 1 2K**JxSilS*ffiro#<B:T*BJi*»e>±*lc 
ftttfcffitfTfaftLTia?). *©fllffilC5FtTl!l (1 1 

its (220) @wtr-^{c#-t-5 (111) mKftf- 

^<D&gJ£f2 0. 2ETFT?S>-5. 

[00 2 7] Mlfy <l 3 1 1 2 ±(C(4 

1 1 aiw&&tiz> a zomnwstm 1 1 3 
fctxtfifmaifc^wttigi^- (*t!)7) tux 

Xt<t^„ Sfc^ iggSMSl 1 3 CD <t LX 

ti\ a >\ «->|)nyi,-/q K^ft 

®-> y 3 yy^zrj assso^«-». #^ H B H -> y 3 > 

[0028] r-x% snra 1 0 (D^tmwmz-w- 
v 1 inmMTz&mWim&Z'Sts&m'rfx'f-vm 

l»gIT B li, 5SWSH1 0cD^ST A (-it-<T. 7-<? 

f±. jt***^.^^ h 1 1 Sr^-r5^ B B B«->y 3>-^ 

jt«*»JIi 1 2W±iS^tc:^ H |gBiS]{c:S'5^T7 1 ^^ 

[0029] y hi 1 -kia-tmwmmtem 

M2 0 1 t %RM>&.&mnM2 0 2b ^ts^mM 

2 otimtfiztiZo mwmn,&mitm2 0 m, 
j*i:-c»j«**L4a«. )t»^-^ h 1 1 t7ts:«+t 

Ml«2 0 2 tWf+^tSSriSfe^ 3tS3*tt^*««2 
0 2 0>EW3ft*«:ilJft, 3te*SC»3L=y h l 1 Sr^^ 

[0 0 3 0] l?lii;ttSftK2 0 1lt ITO, Sn 

4 u\ Tttt^m^-y k 1 1 icmmirzmwmntfim 

itf$ 2 0 1 cD^^ b b b^(4 1 0 0 n maitfci; t 

0 0-4 5 0 t C(C^L-C^#mt4^k^2 0 1 
*t5Ct^SiU\ ^C*5, Zn05rifiJ5)it?,i 
BJ#«H4®fk^2 0 1 co^J¥tt5 0 nm~ 1 vmXhZ 
Zbtf#l£L<> tiM.m-il. 5 X 1 0"3a c mJWTT* 
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[oo3i] %Ktt&&mw& 2 o 2 tiMzmm*iztt 

£#tt4&JR®£2 0 2fi, Ag, Au, Al ( CuJoi 

IslitSriisiifiLi'. fctxJi, ftKWttwflS^A 
g£rl 00~3 3 0<C, J: 9 £F4 L<l±200~300 

[0 0 3 2] H2fc^-rWrffiBISr#BHUT, #38 

sis i ±k» ants lot, ^f a *fctt^f B «-> y 

3>^(D-j»mS^3 1 1, SJfttfcJtlE¥«IM*T?*>-6 

**»S^y 3V3R<0a»a**S!Jl3 1 3 Sr^tf fltr#3te«£ 
&3.= s/ h 3 1 t , 01 <03tS^ift3.= y M 1 fc*f-jfc 
1-*-«*SUi 3 2 1, y a ^Xttfltft&JI 3 

2 2*3j;t>'i£jgaSS 3 2 3 Sr^tf«*Jt«aE*a=. y 
h 3 2 t , 3§H>£«ttilrt:JBl2 o i ib-J;tfftK£H£&JR 
WM 2 0 2 2 0 i &ffi&8MI Ufc«5t^ 

flff**««»^=5' H3 1*J J: 

[00 3 3] 

[00 3 4] (HJ&0IJ 1 ) SXT<D£ o LT0 1 tc^-f 

£ 1 ±lCiS^«t£ lot LTJ¥£ 8 0 0 nm»Sn0 2 
SrffMLfc, CLWS n0 2 ttS«?fif£S:4 5 0°C\Z.WLT£ 
U S nC 1 4 OlSl 0%*jgiK%lS»t LX^ffifi 
CVDfCttJ^L-fco ICS n0 2 O±(CZ n £X£ 

£r#LlS LfcA FMBj^^rE] 3 , 
> y"&<DmM\mdh&m&L1tA F MpjfcSrlll 4 {C^ft^' 
ilffrt, 03 t@4 tCOJtR^?), i^f >^iifJ<fc 9 t> 
xyfV/S©*iS, IH]i5(7)^$755{S< . /4>oQfl£jro f 
5/ ^ # J£ # o T 5 C t S 5 o 



[0 0 3 5] 7 p 7^CVDjfe»i«t«9 3tfl;^ift3 

= 3/ h i 1 ( P mm) in,y 

> K-7V» H «->y a >-&%&m&m 1 1 2*5J:t/jg 

mm,mm (nsi) 1 i3Sr»*Lt. ;^k-/©s 

fiJT>!> a V5R3t«*«S 1 1 2fiT«!lffi*£ 3 0 0°C 
lC^LTRFy7XvCVDffiia»)l. 5^m©f 

w©tt*K->y l i 2 

to^t, 2&^*vffft#WfefcJ;oT#&fc*j^ 
#*tt:2. 3JW^%t?*>9, X*E»ffc*J^5 (2 2 
0) m$x\?-y-Ktt-fZ> (111) HI»ff-^03^it 
13 0. 0 8 1 T'foofc 

[0 0 3 6] jfe^-C, ^Si2 0iL-C, ZnOH 

■tt#Mm®2 0 2«rJ»J*Lfc 0 a*]3*«4§MfcJ»2 0 1 
tftSZ nOl-Z.X'<-y?mz.£. 9 10 0nm©f$l;i 

J: <9 3 0 OnmtDf ^icMLfc. 
[00 3 7] »f>ttfc3tm^SI^S^AMl. 5©ft£ 

1 0 0mW/cm2ro7t*TAWLTtB^#tt2r$J;£L 
fct^<5>. M^flJE^o. 5 4 0V, *gjft«ffi$&# 

2 4. 6mA/ cm 2 , i!iW7 2. 5%, 
^#9. 6 3%T-fcofc 0 

[0 0 3 8] (*ffi0iJ2~5*3J;tJ<Jtei0iJl~2) Sn 

igWWi 1 OW*cE0fla*5iW^:[fc^7 

[0039] s no 2 /5^^?>SBjfl;s i ow^siaa 

[0 0 4 0] 

[*1] 





S nO 2 m 
( n m) 


S n O 2GS 
( n m) 




(V) 


«««« 

(mA/cm^) 


(%) 


<%) 






3 8 


6 5 0 


17.1 


0.540 


2 4. 6 


7 2. 5 


9 . 6 3 




7 7 


6 5 0 


8 . 4 


0.502 


2 5. 1 


7 2. 2 


9. 10 




2 8 


6 5 0 


2 3. 2 


0.522 


2 3. 0 


7 3. 2 


8 . 7 9 




3 6 


4 5 0 


12.5 


0.525 


2 3. 5 


7 3. 3 


9 . 0 4 




5 6 


4 3 0 


7 . 7 


0.511 


2 5. 5 


7 1. 2 


9 . 2 8 




1 3 O 


9 5 


0 . 7 


0.458 


2 2. 8 


7 1. 1 


7. 4 2 


Jt«« 2 


2 5 


7 5 0 


3 0. 0 


0.499 


2 0. 1 


7 2. 3 


7 . 2 5 



[00 4 1] mifrbt>frZ£oiC> Sn0 2 ^b45 dS/h$t> (^EWQfldi^^^) £&%imtfm < t£ 
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[0 04 2] mi lc*$ix5 J; b tc, BfjjfcSffiSffite, S 
iiii ow^siMitaicioitsej/f/SfSMwit^ 

[0 04 3] JtttM 1 k tttt« 2 fitt, 
ttl 0©*BI!!iaic*Ht<5tfy^/*ffiSoifc**sWi 

«2tt*BHia#±9aK»!&»-e*0. wic^Ltsi 

0»J 2 W36r*sjt«M»J 1 lcJf<-C 3tBB ti&»a***s(£T-t-5 
Zki>*W9iLX^&. JtlWHi ©J: 5 f^BIHIil 

[0 044] £t±© <fc 5 1 0 liftflMa. 

£ffl<„ Lfc^oT, 0 ©*BGfl£jflli&©fl? 

-r&*>*>, mmmte i o o^BGflia«it«, ma©**® 

iiilO~10 0nmT'l)!), Hlfi© t° ^/iliiSM© 
it**U~2 5fg, £b(-4~2 OmX&Z>ZktiW-£ 
L<, Bflrot'yfiiaOO-lOOOnmffe!), OB 

[0 0 4 5] (3llS0iJ 6 ) III 2 tC^I"* ^fAIi/ y a 

{CS n0 2 ^?>i5l?ISSl O^rffMLfco w©3§f§ 
111 0±(c, (pSI) 3 11, HK^jtc 

KiE^#f*T'fo5^f B W->y 3>S3t«tll3 1 2*5 
±l«S»i**®« (nil) 3 13 ^^tfM^jfclB^J&i 1 - 
= v h 3 1 Ltz 0 # B B B Rftm^&Jf 3 12113 0 

0 nmOmZlCMf&Ltz, Z <Offiji%9M&*-- v Y 3 
1±(C, -^SS (pSI) 3 2 1, y =< V 

3fi***»«3 2 2*S£ViS»ii«SWi (nil) 323 



^P?l¥l2-232234 
y =V^3t«^g3 2 2143. 0 /imWJl^fc^L 

«2oi *sj:tF3ts«tt^«««2 o 2 

[0046] - © J: 5 AKS©* yfAf 

aV^Kftfi^&SIStCxtLTAMl. 5©}t£: 

1 0 OmW/cm2cDft*T*At}LTffl;^#t££8y;£L 

fctr?., MftttttE*' 1 . 4 15V, Jgjftgjft&ga: 

12. 9mA/cm2, ftJftH^ 7 6 . 4%, 
«S13. 9 5%-efoofc 0 
[0 0 4 7] 

[HIB©1BS^f5iK] 

[m i ] **«K«5ii&air> y = v*WRfttt£a& 
a©®rBnio 

l® 2 ] *3PJtC^5# B B B fC/l&r B »S©* Vf'AS-> 

y 3>^«lg|jtm^«IS6S©»rB0. 

[03] T^V^yu-iic^^ixfc^^^v^gfrwiS 
BJSli© A F MHHtcD^Ko 

[04] r : V^7°u-±(C^$fLfc^3'5 : ->irm©3S 
WnMO A F MHH&©^£E 0 

[^©iftK] 

i o-mwmm 

1 1 k 1 1 1-— #^ss, 112 
-feSK^y 3^3t*aciftji, 1 1 3-gwtaui 

2 o -*^-«ffi. 2 o i -mwmm£m\3&. 202- 

3 1-«f*jlt«!«a=yh, 3 11-- 3 
1 avJRJtWHWi, 3 1 3-iS»3f«S! 
€ 

3 2 -316*^*3-=. s> K 3 2 1--#fSS < 3 22 
-fcSA»-> y ^ 3 2 3 -iS*^SS 
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